Background: Obesity is a global public health issue. Having a BMI of 30 kg/m 2 or more (classifying a person as obese) at the start of pregnancy is a significant risk factor for maternal and fetal morbidity. There is a dearth of evidence to inform suitable inteventions to support pregnant women with a BMI of 30 kg/m 2 or more. Here we describe a study protocol to test the feasibility of a variety of potential healthy lifestyle interventions for pregnant women with a BMI of 30 kg/m 2 or more in a community based programme.
Background
A body mass index (BMI) of 30 kg/m 2 or more is classified clinically as obese, a BMI of 35 or more is morbidly obesity and a BMI of 40 or more indicates extreme obesity (World Health Organisation, 1998). Obesity is a global epidemic [1] and is high priority for Governments around the world. For example, in the United States the prevalence rate of obesity for over 20 year olds was 34% in [2005] [2006] [2] . In England, two-thirds of adults and onethird of children are either overweight or obese and pre-dictions suggest this could rise to almost nine in ten adults and two-thirds of children by 2050 [3] .
Research from around the world has highlighted that maternal obesity carries significant risks to both mother [e.g. [4, 5] ] and baby [e.g. [6] [7] [8] ]. In the US, the percentage of women who are overweight (BMI of 26 or more) at the pre-pregnancy stage has been increasing for over 20 years [9] . In one area of England, the percentage of pregnant women who have a BMI of 30 kg/m 2 or more at conception increased from 9% to 16% over a 15-year period [10] . The impact of BMI on pregnancy outcomes in the UK was highlighted in the recent triennium review into maternal mortality highlighted maternal obesity as an 'obstetric risk factor'; 27% of women who died from direct and indirect causes in the UK had a BMI of 30 kg/m 2 or more [11] .
Excessive weight gain has been found to increase the risk of complications in pregnancy and a low weight gain during pregnancy has been suggested as beneficial for obese women [12] . The Institute of Medicine (IOM) provides ranges of recommended ranges of weight gain for women during pregnancy. These recommended ranges are dependent on the woman's weight at the start of the pregnancy and were revised in 2009. Women with a BMI of more than 30 kg/m 2 should not exceed a weight gain of 5-9 kg (the 1990 report stated 7 kgs) during their pregnancy [13] . The IOM's recommended weight-gain ranges have been found to be associated with the best outcomes of pregnancy for mothers in the USA [14] . However, in the UK there is little evidence to support these weight gain recommendations and no guidelines are in place.
As a consequence of this association with adverse outcomes of pregnancy, we are keen to conduct research to improve the health of pregnant women who have a BMI of 30 kg/m 2 or more. Although pregnancy has been suggested as an optimal time for intervention by health care professionals involving health promotion messages [15] and national recommendations have suggested healthy pregnancy advice should be provided before 12 weeks gestation [e.g. [16] ]. Little guidance is provided for health care professionals for work with this group (NICE guidelines are expected in mid-2010) and as a result there is minimal support, care pathways and services for pregnant women who have a BMI of 30 kg/m 2 or more. A systematic review of weight maintenance interventions concluded there is minimal evidence to inform maternal obesity strategies [17] .
There is insufficient evidence to inform the design of an effective and appropriate intervention for pregnant women with a BMI of 30 kg/m 2 or more as there is a dearth of evidence--based and theory-based research on this target group. The recent NICE commissioned evidence reviews of dietary and/or physical activity interventions for weight management in pregnancy [18] and post-partum [19] found a small number of robust studies in the UK. They concluded that there is 'inconsistent and inconclusive evidence' on the effectiveness of weight management interventions in pregnancy (p.12 [18] ).
A recent review by the Kings Fund highlighted several theories of behaviour change (e.g. stages of change model), psychological constructs (e.g. self-efficacy) and types of interventions (e.g. goal-setting) that have been successfully applied to the up-take of physical activity and eating a healthy diet in the general population [20] . The need for community and individualised intervention studies for weight maintence in pregnancy and post-partum have been the conclusions of several studies [21, 22] and approaches to lifestyle and behaviour change which ignore the wider social context are likely to have limited success [23, 24] . Lifestyle programmes and structured physical activity programmes have equally been found to increase health benefits in healthy sedentary adults [e.g. [25] ]. Therefore, it is important when addressing obesity to target numerous health behaviours that contribute to weight gain; physical activity, healthy eating and emotional well-being. In addition, interventions must have theoretical underpinnings such as those listed in the Kings Fund report. This paper outlines the design (rationale and theoretical-framework) of a community lifestyle programme study which may offer benefit to pregnant women with a BMI of 30 kg/m 2 or more by improving their own and their babies' physical and psychological well-being. Our community lifestyle programme will address numerous behaviours associated with obesity (e.g. physical activity, emotional well-being and food-intake) and will equip participants with the necessary skills and knowledge to incorporate healthy behaviours into their everyday lives (social (cognitive) learning theory [e.g. [26] ] will be used as a tool to encourage behaviour change [27] ). The feasibility of this lifestyle programme will be evaluated so as to assist researchers in the design of future studies and programmes and may be subjected to a trial at a later date.
Methods/Design
This is a prospective study, using mixed-methods of data collection to inform the feasibility of implementing a community lifestyle programme with pregnant women with a BMI or 30 kg/m 2 or more in the Greater Manchester areas of Bolton and Oldham. Randomised controlled trials are considered the gold standard when assessing interventions [28] . However, one has to be sure that the intervention is of the highest standard, and acceptable to those who will be receiving it prior to proceeding to a randomised controlled trial. There is currently no evidence suggesting the optimum intervention for this group of women, nor is there any evidence of intervention acceptability. Therefore, following the advice of the Medical Research Council (MRC) framework for a complex intervention [29] we believed it imperative that a feasibility study was conducted prior to any such trial. Our approach to programme development is one which allows fluidity, i.e. the programme will be adapted contemporaneously following feedback and review.
Research team
The core research team consists of the principal investigator (Professor of Midwifery), project manager (health psychologist) and two research midwives. An Advisory Board of leading experts (clinicians and academics) in obesity and pregnancy meet twice a year during the study. A Lay Advisory Group; four pregnant women with a BMI or 30 kg/m 2 or more in Bolton and four pregnant women with a BMI or 30 kg/m 2 or more in Oldham, will meet three times throughout the first programme.
Setting
The study is being conducted in England, in the Greater Manchester areas of Bolton and Oldham. The two areas have similar ethnic diversity (predominantly white; Bolton -90% and Oldham -86% with minority ethnic groups concentrated in small areas), level of health (lower than the National average), deprivation (among the most deprived areas in England) and pregnancy data (maternal obesity is found in approximately 16% of the women delivering) [30] .
Sample
Four hundred pregnant women with a BMI of 30 kg/m 2 or more will be approached to participate in the study (200 from each area). Women will be excluded from participation in the study if they have a BMI of less than 30 kg/m 2 , are aged under 18, intend to move in the next three months, take weight control medication or if they have any cautions for starting exercise (this will be determined using the Revised Physical Activity Readiness Questionnaire (PARQ) [31] ) and the Royal College of Obstetricians and Gynaecologists (RCOG) recommendations [32] ). Their obstetrician will be consulted in cases where the PARQ or RCOG guidelines indicate concerns. Each participant's General Practitioner (GP) will be sent a letter outlining the involvement in the study. The sample size is determined pragmatically by the need to gain sufficient experience of the intervention over a range of settings and participants and thus test feasibility on a realistic basis. 200 participants is more than adequate to estimate standard deviations and 10-12 groups will allow us to estimate the intraclass correlation for the design of future studies. Formal comparisons are pre-post measures where 200 participants will give 80% power to detect small changes of 0.2 or larger, expressed as standardised effect sizes in terms of the intra-patient standard deviation (80% power, paired t-test). The major obstetric outcomes (caesarean section and low birth weight) have expected incidence rates of around 20% [6] and will be estimated with a 95% confidence interval width of approximately 5%, allowing large effects to be detected in comparison with audit data.
Outcomes
The main outcome of interest is pregnancy weight gain. Other important clinical outcomes include birth weight, mode of birth and method of infant feeding at hospital discharge. Important psychological outcomes include self-efficacy, well-being and goal attainment. Secondary outcomes include women's experience of pregnancy and health care services, amount of physical activity, food intake and the suitability of the intervention components.
Recruitment
Approval has been gained from the NHS research ethics committee, the individual Primary Care Trusts' research and development departments (Pennine Acute Trust and Bolton NHS Hospitals Trust) and The University of Manchester.
Support from friends and family will be encouraged throughout the recruitment stage and the programme as it can be influential on women's participation in physical activity [33] . Language will be assessed on a one-to-one basis and translators employed where necessary. Recruitment is being predominantly carried out through the full time research midwives in antenatal clinics. Women are able to opt into the study at anytime after reading the invitation letter and receiving verbal information about the study. A screening sheet will be completed to identify their suitability (based on the exclusion criteria above) and will collect demographic details (e.g. ethnicity, age, marital status, level of education and area deprivation). If the woman is suitable for inclusion she will be asked by the research midwife to sign a consent form and a date for the initial session will be set. At the initial session, the research midwife will explain the details of the 10-week programme, ask them to complete the baseline questionnaire and give them the diary and pedometer. If a woman is not suitable for inclusion or she does not want to attend the lifestyle programme, she will be asked to complete a consent form to say that her screening data and clinical outcome data can be used.
The 10-week lifestyle programme
The lifestyle programme will run for one and a half hours per week for 10 weeks and is supplementary to standard antenatal care. Women will be invited to the 10-week programme at any stage before 30 weeks gestation to ensure completion of the programme before their delivery.
Given the complexities surrounding the psychological and physical causes of obesity, a multi-component intervention is being used (as suggested by [12] ). The programme will be interactive and cover several aspects of their lifestyle (e.g. physical activity, healthy eating and emotional well-being) and their children's well-being (attendance will be encouraged at some groups). Physical activity is an important aspect and will feature each week in the lifestyle programme. The RCOG clinical guidance, following a review of the available evidence around pregnancy and the post-partum period [31] , concluded that, in most cases, 'exercise is safe for both mother and fetus during pregnancy.' There are also reports of psychological benefits of exercising for the mother [34, 35] .
Physical activity is generally low in pregnancy [e.g. [36] ] but the reasons for this are not clearly understood. A recent study found that the main barriers (reported in 85% of cases) were intrapersonal (e.g. health-related) [37] . In addition, women are not currently being supplied with the message that physical activity during pregnancy is safe [38] only half of obstetricians discuss physical activity with pregnant women and those who do are likely to advise not to start exercise [39] . Physical activity will be discussed throughout the programme as it needs to be incorporated easily into peoples' everyday lives if they are to adopt it [40] . To achieve this, a trained and insured physical activity instructor will provide half an hour of activity each week in the intervention and will suggest exercises that the women can incorporate into their lifestyle.
Theoretical framework -Behaviour Change Theory
There are a large number of theoretical approaches to behaviour change concentrated in the health psychology literature [41] . Theory-based interventions and detailed descriptions of the behaviour change techniques used in interventions are essential [42] . However, we must be aware when applying psycholgical theories to behaviour change that the determinants of behaviour change are different to the determinants of behaviour so we must focus on predicting and understanding what needs to change and how we can change it instead of simply describing the behaviour or the intention to change [43] . Our lifestyle programme will use the Social Learning Theory as a tool to encourage behaviour change [27] . Social Learning (cognitive) Theory states that we learn behaviours by cognitive and behavioural processes such as reinforcement of positive and negative behaviour [26] . Social Learning (cognitive) Theory outlines the mechanisms through which determinants influence behaviour and thus states how you can change behaviour using them so is deemed suitable for application. The lifestyle programme will use five components of Social Learning Theory to provide women with an opportunity to gain the skills and knowledge needed to improve their lifestyle; self-efficacy, outcome expectancies (beliefs about the outcomes of an alternative behaviour), goal setting, feedback and positive reinforcement ( Table 1 outlines the techniques used in the current lifestyle programme study and the link to theoretical framework).
Self-efficacy is central to Social Learning Theory, unless a person believes that they can produce the desired outcomes through the behaviour they have little reason to act. Self-efficacy regulates motivation and determines the goals people set, their determination to meet their goals and the outcomes they expect. Self-efficacy can be increased by four processes. Firstly, if we experience successes then our self-efficacy rises. Each week the women will take part in small problem-solving activities which they can succeed at (e.g. pass-the-parcel game where women had to decide if pregnancy statements were true facts or myths). Secondly, our self-efficacy rises if we see those similar to ourselves succeed; the women will share experiences as a group so that they can share each others experiences and talk about the reasons for their successes and failure (reinforcement and feedback). The third process is through social persuasion, if we are persuaded verbally that we can do something then we are more likely to believe it. To encourage the women, they will receive educational sessions from health care professionals about their health behaviours and their goals for the programme will be discussed with a health psychologist. Finally, our somatic and emotional state influences our self-efficacy; positive mood enhances self-efficacy and makes us view fatigue more favourably. The women will be in the same group for the whole programme so will gain social support and feedback on their behaviour to provide an environment to foster positive mood. Social support has been shown to have a positive impact on our health [44] .
The programme will commence with a one-to-one session with a health psychologist to set a personal goal. This will help women to develop a greater feeling of control (self-efficacy) over their behaviour and health and thus empower the women [45] . As stated above, when people have greater levels of self-efficacy they are more likely to engage in certain behaviours. The goal will be broken down into several smaller goals which are easier for the women to achieve, this will be encouraged by following the principles of SMART (specific, measurable, achievable, relevant and timely). It is important at this stage to explore the women's outcome expectations of the behaviour as we must understand the women's attitudes towards their weight and lifestyle if we are to successfully help them to change this behaviour [46] . Therefore, when setting the goal, the women must be encouraged to think about things that will help them to reach these goals and things that will act as a barrier to achieving their goal.
They will also be asked to think about previous experiences and why they failed to reach similar goals in the past. The women will be encouraged to self-regulate their behaviour and the attainment of their goals. One reason for this is that people who reward their own achievements achieve more than those who do the same activities without self-rewards. In addition, feedback is vital for the women to change their behaviour [47] . The women will complete a daily dairy (see data collection section for more information). The diary will also act as a behavioural change technique by self-regulation which in turn increases motivation.
The post-partum programme
Women are reported to be most likely to return to physical activity 4-6 weeks post-partum [48] , therefore, women will be invited to a one-off follow up session at this stage. 
Psychological variables
Self-efficacy To increase the women's self-efficacy, so they are more motivated to make healthy changes to their lifestyle Self-efficacy will be increased by: -Problem solving activities in 10-week programme (e.g. minor ailments in pregnancy pass-the-parcel) -Feedback and reinforcement through the group at the 10-week programme -Personal goal setting during 10-week programme -the setting of a realistic and short-term goal will increase experience of success
Outcome expectations
Develop realistic expectations about the benefits of improving their wellbeing (physical activity, healthy eating and emotional well-beingrelaxation)
When setting their personal goal and in the questionnaires, they will be asked to think about the outcomes of any changes to their behaviour and the impact on their lifestyle. The barriers and facilitators of goal attainment will be discussed at the goal setting Positive reinforcement will be received by women when they engage in healthy behaviours or changes to their lifestyle Positive reinforcement will be offered to the women to increase their self-efficacy, this will occur through the other women in the group, the health care professionals and self-monitoring of their diary entries
Social variables
Social Support Support and advice will be received from health care professional and other pregnant women with a BMI of 30 kg/m 2 or more
Receive support and advice from Health Care Professionals at the 10-week programme (fitness instructor, Health Psychologist and midwife) Be offered support from other pregnant women with a BMI of 30 kg/m 2 or more at the 10-week programme
Environmental variables
Access to health care
Women will be provided with information about other programmes and services that may be of relevance to them during their pregnancy and in the post-partum stage
Women will be provided with information about other programmes and services that may be of relevance to them during their pregnancy (e.g. one session in the 10-week programme is dedicated to signposting to other services). Additional activities (e.g. aquanatal class, supermarket tour and pampering session) will be offered to the women alongside the 10-week programme as taster sessions. This session will consist of physical activity such as walking with prams and a focus-group to examine their experiences and views of the programme. If women cannot attend this session, they will be provided with information about post-partum physical activity and an individual interview.
Data Collection and analysis
Mixed-methods of data collection will be employed ( Table 2 outlines the data collection and outcome measures); questionnaires including validated measures [31, [49] [50] [51] and open questions (given out at baseline, the start of the 10-week programme, the end of the 10-week programme and at follow-up), diaries (completed from baseline to follow-up to provide detailed qualitative data) and focus groups at 4-6 weeks post-partum (interviews will be offered where attendance is not possible). The diaries will provide qualitative data daily insight into the women's feelings during pregnancy, behaviour change and any barriers and facilitators to this behaviour change. In addition, the women's weight gain during pregnancy (women will be weighed at their booking appointment at the end of their pregnancy) and clinical outcome data (e.g. type of birth and blood loss) will be examined. The focus groups will provide follow-up data about the women's views towards the programme after giving birth.
To gain a comprehensive view of the programme, qualitative and quantitative data will be combined and interpreted from different vantage points (e.g. demographic differences). Qualitative data will be transcribed verbatim and analysed using an interpretive approach. Thematic analysis will be used as the process organises and minimises the data whilst maintaining the detail as it '...is a method for identifying, analysing and reporting patterns (themes) within data' (p.79 [52] ). It can be applied both in a deductive and inductive nature, thus suitable for extracting new themes from the data as required in a feasibility study with little evidence-base. In addition, thematic analysis allows for theme extraction for each woman individually (vertical analysis) and also between groups (e.g. horizontal analysis of subgroups such as demographics or 10-week programme cohort) resulting in rich results.
Quantitative data will be input onto Statistical Package for Social Scientists (SPSS). Much of the quantitative analysis will be descriptive in nature; findings will be displayed as frequencies and Chi-squared analysis used to explore associations in the data. Pre and post programme data will be examined using Chi-squared and t-tests analysis. The necessary data will be collected from all participants (e.g. the 10-week programme cohort and number of sessions attended) to allow for multi-level analysis taking into account the effect of group dynamics if required.
Discussion
This study protocol paper includes detail and description of the rationale and methodology used to design the community lifestyle programme and the feasibility study to evaluate this programme in pregnant women with a BMI of 30 kg/m 2 or more. When designing an effective intervention you must start by understanding the views and attitudes of the recipients towards the behaviours the intervention targets [53] . Therefore, the current mixedmethods study will explore the ways in which weight and pregnancy are embodied and experienced within the lives of women in England. Findings from this feasibility study will inform future interventions and NHS services and add to the evidence base as concluded a necessity by NICE (2009). Descriptive data will be collected outlining the pregnancy and health care experience of women with a BMI of 30 kg/m 2 or mores' experiences of pregnancy and health care during pregnancy. The feasibility of a community lifestyle programme with pregnant women with a BMI of 30 kg/m 2 or more will be determined. More specifically, findings will indicate which aspects of the intervention are acceptable and suitable to pregnant women with a BMI or 30 kg/m 2 or more. Techniques to encourage behaviour change with this target group will also be highlighted, and detail provided regarding the suitability of social learning theory as a behaviour change tool. As previously mentioned obesity is high on the Governments' agenda and as a consequence there is likely to be a plethora of intervention studies aimed at reducing maternal weight. This study will aid in the design of such work. A multi-disciplinary dissemination plan has been devised to ensure that the findings of this feasibility study reach a wide audience and can be used to design future lifestyle programmes with the same or other populations.
List of abbreviations
Abbreviations are defined in the text when they first appear and not listed here.
